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in  the  Neurotoxicology  Laboratory  of  Pennsylvania  Hospital  Subsequent 
reports  on  unsupported  work  will  be  forthcoming. 

Studies  have  been  made  on  the  binding  of  Botulinus  toxin  to  its 
presum  d  sites  of  action*  n  the  absorption  of  the  toxin  from  various 
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vtc.ll,.*!  tract j  and  on  tnose  physical  and  chemical- 


properties  of  the  toxin  which  are  relevant  to  its  rode  of  action.  This 
final  report  does  not  present  experimental  details  but  is  a  suninary  of 
the  x-esults  obtained  in  the  various  stages  of  the  investigation.  Previous 
reports  submitted  during  the  period  of  the  contract  contain  detailed 
accounts  of  the  experiments  performed  and  th<  results  obtained.  The 
lust  of  these  reports  was  submitted  up  to  December  of  last  year  an >  the 
contract  ran  for  a  further  6  weeks.  Work  carried  out  in  this  nmrizi  will 
be  included  In  a  later  report. 

Section  I  deals  with  an  attempt  to  confirm  the  specific  binding  of 
toxin  at  the  neuronur  cular  junction  by  use  of  fluorescent  labelled  toxin 
and  antitoxin.  Sections  III  and  IV  summarise  the  results  of  studies  In 
which  very  small  doses  of  Botulinum  A  toxin  were  used  to  produce  either 
a  chronic  generalized  intoxication  or  a  localized  paralysis.  In  these 
"mild"  cases*  the  period  of  intoxication  was  of  the  order  of  days  and 
hence  we  looked  particularly  for  ultrastructural  changes  in  the  neuro¬ 
muscular  Junction  which  might  be  expected  to  develop  in  a  long  term 
neuromuscular  defect.  In  section  V,  we  report  our  studies  on  the  absorption 
of  Botulism  toxin  from  the  gastrointestinal  tract.  These  studies  wtre  made 
on  direct  visualisation  of  fiuorochrome  labelled  botulinura  toxin  and  we  have 
been  able  to  show  that  toxin  is  apparently  absorbed  from  the  oropharyngeal  cavity, 
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tract  ions 


Tiie  me'-r  sit?;  of  binding  of  fluorescein  or  rhooamina  labelled 
botulinus  toxin  occurred  in  striated  muscle  where  ti.e  isrto^mma  was 
stained  and  focal  pitches  of  fluorescence  consistent  in  size  and  shape 
rrc'-ii  >(KJT.or  en^piates  were  observed*  The  central  nervous  system  and  viscera 
failed  to  bind  th*  toxin  under  the  conditions  employed*  In  small  intestine, 
structures  consistent  with  sympathetic  or  parasympathetic  ganglia  were 
also  stained.  Labelled  fractions  prepared  from  dissociated  toxin  (M.w.  77,000 
to  150,000)  snowed  some  staining  of  central  nervous  system  as  well  as  staining 
of  motor  endplates.  In  Indirect  experiments  utilizing  fluorescein  labelled 
botulinus  antitoxin,  no  binding  sites  were  observed  in  the  central  nervous 
system  but  motor  sndplates  were  prominently  and  selectively  stained.  Studies 
performed  with  feuitin-label.led  botulinus  toxin  fractions  showed  ’oealization 
within  tho  subneural  apparatus  as  previously  observed  with  botulinus  B  toxin. 

From  these  studies,  it  is  clear  that  there  is  selective  vitro  and 
-  Ifl  vivo  binding  of  botulinus  toxin  in  motor  endplates.  However,  the 
limitations  of  resolution  with  fluorescence  microscopy  did  not  permit  us 
to  distinguish  a  precise  site  of  localization.  Work  currently  in  progress 
utilizing  a  new  method  based  on  peroxidase  labelled  antitoxin  should  help 
us  to  decide  if  terminal  axon  or  subneural  apparatus  is  the  major  site  of 
toxin  binding. 

JUL _ £lf&si  ftl.MuUima  J.g&iii.gn ,  glptflpa  sS  Elsclrvn  Sanaa  git.isaaUp..lhi 

* 

UtittflwasMln  JimaUaik 

A  discc  ary  of  Savjy  end  Csillik  (1948)  that  lead  was  selectively  bound 
in  the  neuTomutcular  junction  hat  been  confirmed  by  ourselves  and  other 
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investigators.  It  seems  1  ;c.#ly  that  th*  anionic  sites  that  bind  ]*gd  in 

this  type  of  experiment  are  related  to  the  specific  properties  of  the 
Junctional  membranes.  In  a  series  of  »x peri  "rents  testing  the  effect  of 
botulinus  toxin  on  the  binding  of  lrad  to  endpl^tes,  no  alterations  were 
found . 

In  a  series  of  ex  peridots  with  groups  of  mice,  minute  dsjses  of 
botulinus  toxin  were  injected  by  varioes  routes.  T5j*  animals,  were  observed 
for  up  to  20  days  during  which  a  syndrome  of  severe  generalized  weakness 
occurred.  Muscles  from  these  animals  wero  studied  after  perfusion  with 
glutaraldehvde  in  the  electron  microscope.  Even  after  16  in  20  days,  no 
changes  in  the  neuromuscular  junctions  were  found  although  non-specific 
changes  were  observed  in  the  mitochondria  of  the  skeletal  muscle.  These 
changes  are  tentatively  attributed  to  anoxia  rather  than  to  a  specific 
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produced  by 


botulinus  toxin  does  not  result  in  degenerative  changes  in  endplates  such 
as  thoae  seen  after  nerve  seetion. 

IV,  local  aptul 'jm„ 

In  analogy  with  the  situation  with  tetanus*  exotoxin,  it  was  found  that 
injection  of  minute  doses  (0.005  gamma  in  1  ml.)  directly  in’o  gastrocnemius 
muscle  of  mice  produced  a  syndrome  of  local  botui inus  intoxication.  These 
animals  showed  localized  paralysis  that  was  maximally  developed  in  4  to  6 
days  after  injection.  By  15  days,  recovery  of  muscle  function  was  observed. 
Ultrastructure  studies  of  these  muscles  showed  ng  abnormalities  in  the 
motor  endplates.  This  reversible  phenes-rs rt  is  of  considerable  interest 
and  is  worthy  of  additional  Investigation. 
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Du 5  bug  the  studies  with  mi ce,  we  discovered  that  in  any  batch  of  randomly 
bred  white  '"fee,  5  ♦  13%  of  the  animals  showed  a  remarkable  resistance  to 

bcf.ul lm>s  toxin.  These  animals  lived  10  to  ?0  times  longer  than  the  other 
experiment#!  animals  in  the  gror-p  and  seme  survived  indefinitely.  Breeding 
through  5  generations  of  mice  which  had  survived  a  toxic  dose  yielded  a  group 
**f  animals  large  enough  to  be  tested  against  a  control  group  f sr  the  possible 
presence  of  acquired  resistance.  It  was  found  that  unlike  the  original  group 
none  of  the  generation  had  total  resistance  to  the  toxin  although  the 
control  group  of'  100  nice  did  have  members  showing  resistance.  However,  the 
n«en  death  time  of  the  experimental  group  was  slightly  higher  than  the  mean 
deat.j  time  for  the  control  group  when  animals  surviving  more  than  10  times  the 
mean  were  excluded.  These  result  we  have  previously  reported.  The  possibility 
arises  that  a  number  of  genes  are  responsible  for  resistance  and  that  inter¬ 
breeding  has  dispersed  these  genes  among  the  whole  group.  The  possibility  of 
a  resistance  strain  in  mice  is  intriguing  and  might  perhaps  be  made  the  object 
of  a  future  study.  These  resistant  mice  would  be  of  considerable  value  in 
B*udying  the  laaic  physiology  of  botullnus  intoxication, 
iv ,  Altwia‘Ptlfla,.fll..felu^lavA..IgraD 1 

In  a  scries  of  experiments  with  f luorescein-itbeiied  botuiinus  toxin,  we 
found  that  the  toxin  was  rapidly  destroyed  in  the  stomach.  Absorption  could 
be  txaced  in  the  oropharynx  and  proximal  small  intestine  In  the  intestine, 
fluorescein-labelled  material  was  seen  between  the  epithelial  cells  and  in  the 
submucosal  lymphatics*  There  was  no  evidence  of  a  pinocytotic  transj ort  of  the 
protein.  Further  studies  showed  that  "stomach  tube"  experiments  were  frequently 

Invalidated  by  the  marked  regurgitation  which  occurred  leading,  in  our  opinion, 

,  • 

to  significant  oropharyngeal  absorption.  It  may  be  that  the  feeding  habits 
of  intoxicated  hums. is  may  bear  importantly  on  the  degree  and  severity  of 


intoxicate 


hii  problem  has  ru axled  pi  *vlous  workers  because  individuals 


eating  epparently  comparat  le  amounts  of  contaminated  food  have  thowr,  marV»W 
variation  n  their  sensitivities  to  intoxication. 


Under  this  heading  ws  Include  experiments  of  tna  bioassay  of  the  toxin. 

Our  original  intent  was  to  fractionate  the  crystalline  toxin  following  previous 
methods  reported  by  other  workers  and  to  obtain  from  these  fragments  specific 
molecular  units  of  <u  naistent  size  and  toxicity  which  could  then  be  used  for  our 
studies.  The  use  of  polydisperse  toxin  makes  it  more  difficult  to  follow  the 
pathway  of  the  molecule  in  the  development  of  intoxication  and  makes  analogies 
between  the  naturally  occurring  . ntoxication  and  the  experimental  situation 
difficult* 

Considerable  time  was  therefore  spent  on  column  chromatography  using  the 
various  grades  oi  Sephadex  and  a  variety  of  electrophoretic  technioues  in  order 
to  define  a  particular  molecular  unit  which  we  then  intended  to  use  experimentally. 
This  attempt  was  unsuccessful.  In  brief  summary,  we  found  that  although  any 
given  technique  would  yield  an  identical  fractionation  of  the  toxin  when  applied 
under  standard  conditions  of  pH  and  ionic  strength,  any  further  handling  of  the 


toxin  would  altei  the  relative  proportion  of  the  components .  From  rata  of 


elution  of  such  components  from  Sephadex  columns,  we  found  that  tha  range  of 
molecular  sizes  for  toxic  botulinum  A  molacules  is  from  perhaps  5  to  10  thousand 
up  to  somewhere  of  the  order  of  800  thousand  to  1  million.  Furthermore,  these 
molecular  fragments  appear  to  exist  in  a  dynamic  equilibrium  with  each  other. 
Application  of  immunoelectrophorel ic  techniques,  comparisons  of  toxicity  and  U.V. 
absorption  at  280m|i.  and  electrophoretic  separation  of  fluerochroma  labelled  toxin 
fragments  (for  all  of  which  experimental  details  have  been  previously  given) 
led  u?  to  the  conclusion  that  not  only  were  these  molecular  components  in  a 
state  of  dynamic  equilibrium  but  the,"  were  also,  in  their  toxic  and  labelling 


;  -j  •  fferent  *  Ouchtalony  plate  studies  show  no 
r c-y  i no  and  commercially  produced  antitoxins 
??  correct  toxin/anti  toxin  pair* 
of  bo  to  1  mum  toxin  * 

the  binding  of  botuiinum  toxin  to  brain 
;  ct  out  *  series,  of  experiments  in  which  the  toxin 
..  ji.tons  with  and  without  suspended  homogenates  of 
■r.e  experiments  showed  that  although  little  toxin 
ler  incubation  with  tissues,  the  decrease  in 
\n  the  control  vessels.  Thus*  the  presence  if 
to  be  protective  of  toxin  rather  than  responsible 
•it ion.  A  series  of  experiments  was  therefore  ' 

- larify  the  nature  of  the  loss  of  toxicity  in 
face  denaturation  at  gas/liquid  interfaces  was 
v  t i  ve  of  the  nature  of  the  gas.  However,,  it 
the  denaturation,  particularly  in  dilute  solutions 
-I  jaijias  .IMlfififta*  In  *  series 

,e  r  /lously  detailed,  we  have  shown  that  the 
i.  aces  in  large  amounts  and  that  this  binding 
>ing  at  a  minimum  at  pH  5,0  -  5.5,  that  is,  at 
u-?!  toxin,  Sipce  such  binding  is  electrostatic 
residual  charges  on  the  surface  of  the  glass, 
importance  of  salt  linkages  in  the  physical 
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lion  c f  solui ions  for  the  testing  of  toxicity  sir  :e  it  places 
rj  of  accuracy  on  methods  empl*  /log  se-i,-i  dilutions.  Further 
showed  that  albumin  will  pre  vent  the  loss  ot  to:;  i city  si 


all  pi!*  s  tested  but  Is,  of  course,  most  effective  at  th*  iso-electric 


point.  We  do  not  find  any  positive  or  negative  synergistic  effects 

between  the  toxin  and  the  albumin  and  believe  that  it  is  as  effective 


as  gelatin  as  a  "protective"  addition  to  sol;  lions  of  toxin. 
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